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SOME PEENONENA OF PERMANENT 
DEFORMATION IN IETALS. 

[Selected for PubEicatiwl,] 

In a previoue Paper* the phenomenon known as the contractile 
C P O ~ ’ ’  was diwusaed, and the differences betweon this and the 
somewhat analogous “Liiders’ lines” were pointed out. T6e 
explanation was also saggestedt that, while the lines of Liiders 
were due to slipping of the elementary crystah within the 
crystalline p i n s  of the metal, the contmctiIe cromi wm the result 
of the dipping of the irregular crystalline grains themselves over 
each other. To correct this latter hypothesis is the object of the 
present Paper. 

It may be pointed out b t  the attempted explanation, now 
shown 60 be hmrrect, was not altogether of the nature of a @em, 
but originates as the r66dt of some experiments made with plastic 
clay. This material consists of hard, irregular particles of sand, or 
6 h i l 1 U  substance, kept together with a kind of thick, oily cement, 
and shows the contraotile phenomenon well. The hard particles 
are not q@wiubly deformed when flat slab of the cky 

 at The University of Melbourne Libraries on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


520 DEFORMATION IN METALS. MAY 1907. 

stretched, but slide over each other; the sliding is facilitated 
by the intervening film of oily substance, which also imparts a 
certain cohesion to the mass. 

A little consideration, and a more complete examination of the 
flat steel bars previously employed, led to the belief that the 
phenomena occurring in a metal were probably different from 
the above. To  test this point conclusively, an attempt was made to 
obtain the contractile cross in a metal in  which the size of the 
crystalline grains was oomparable with the width of the contractile 
groove. I n  order to secure such a result, it was necessary to obtain 
a narrow groove in a metal of coarse structure. The narrow groove 
was easily ensured by employing very thin speoimens, those used 

Fro. 1. 
Temile-testing Maohim, 

for N ~ T O E C O ~ ~  apdmens. 

Fig. 2. 
Diagram ahozaing 

dimensions of qmimens. 

being from A special 
testing-machine was oonstructed whicth could be placed on the 
microscope stage, thus enabling the whole operation to be carefully 
watched, and easily stopped at  any desired point. Fig. 1 is a 
drawing of this machine with a specimen under test. By turning 
the milled head a, the worm b is rotated, and this causes 
the wormwheel c to revolve on the screw d, giving rise to a 
longitudinal motion of this screw. The screw d forms part of one of 
the speoimen holders e, the other holder f being held at any 
convenient position by the nut g. Thus an outward movement of 
the screw d causes extension of the specimen h. The apparatus 
waa so designed that the milled head a could be easily turned by 
the ihger and thumb when breaking a bar having a sectional area 
of square inch, and a maximum tenacity of about 30 tons per 

to & inch thick and 5 inch wide. 
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square inch. The wormwheel has twenty-five teeth, the screw 
has twenty threads per inch, and the milled head is f inch diameter. 
The standard dimensions of the test-pieces used in this machine are 
shown in Fig. 2. As the specimens were required in numbers, 
hardened templates were prepared for drilling and filing the bars 
to correct form and size. The length of the ban, was kept as 
short as possible, consistent with good results, in order to reduce 
the overdl length of the machine. 

It was now necessary to obtain, if possible, a sheet metal, 
manufactured commercially, which had a sufficiently coarse 
structure, or in which such a structure could be easily induced by 
6 simple treatment. Iron and steel plate were unsuitable in this 
respect, though it would have been desirable to use them for the 
sake of continuity in the experiments, on account of the difficulty in 
obtaining a coarse crystallization and at the same time preserving 
the original ductility of the metal. After a number of experiments, 
6 suitable metal was found in commercial sheet alumininm. This 
metal shows the contmctile cross very well indeed ; but in the sheet 
as rolled, the metallic structure is rather fine, and is not easily made 
visible. If, however, the metal is heated gredually, when not very 
far from its melting point it undergoes a sudden change and becomes 
coarsely granular, the structure being clearly visible to the naked 
eye without any etching or further process whatever. The treated 
metal still exhibits the contractile phenomenon, and was employed 
in a number of experiments. 

Fig. 3, Plate 53, shows the middle portion of one of these 
aluminium bars which has been stretched, and is beginning to 
h t u r e  along the contractile depression. The magnification is 
about 10 diameters, and the coarse structure of the metal is very 
evident. As the specimen is gradually stretched under the 
dmoscope, the " slip-bands" of Ewing and Rosenhain are clearly 
m; these slip-bands increase in number as the elongation is 
increased, and are most numerous in the constricted region of the 
bar. The crystalline grains increase in length and deorease in 
width as the extension proceeds, and when the constriction oocnrs 
the contractile groove is found to pass right across the faces of the 
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crystalline grains, seldom or never coinciding with parts of their 
boundaries. That this is the case is readily seen in Fig. 3, 
Plate 53, but perhaps is more evident in Fig. 4, which represents 
part of the same bar magnified 37 diameters. (The surface of the 
bar being by no means plane, especially in the constricted region, 
parts of the microgrttphs are necessarily out of focus.) 

Fig. 5, Plate 53, shows a small portion of another bar, magnified 
220 diameters ; the dark lines are the ordinary slip-bands, and their 
great width is noticeable. Fig. 6 is somewhat similar, and 
represents a single small crystalline gr.in lying at the bottom of 
the contractile groove; the magnification is 130 diameters. The 
metal in both these cases is beginning to tear apart, and careful 
watching of the process through the microscope shows that parting 
ocmm on the site of a slip-band ; in other word6, sliding continues 
along the plane, of which the slip-band is the trace on the surface of 
the metal, until the two sliding planes part company. The surface of 
the bar in the neighbourhood of the fracture therefore presents m 
stepped appearance, the face of each step corresponding to ti sliding 
plane in the metal before rupture. This appearance is illustrated 
by Fig. 7, Plate 53, which shows the surface, magnified 20 diameters, 
of one of the test-pieces in which rupture is nearly complete. 
(Owing to focussing difficulties, it has been necessary to retouch this 
photograph by hand.) Fig. 8, magnified 20 diameters, exhibits the 
stepped appearance in a still better manner. This photograph wag 
taken from a bar which had been heated until the metal was 
completely melted ; the bar retained its shape almost perfectly, 
owing to the high viscosity of molten aluminium, but the subsequent 
cfystallization was very coarse. It would seem from the above 
evidence, that no fundamental change in the ordinary deformation 
phenomena takes place in the region of marked constriction. 

The form and regularity of the contractile groove is\ dependent 
to a certain extent on the size of the crystalline grains of the metal. 
Thus in Fig. 9, magnified 10 diameters, taken from a specimen of 
sheet aluminium which has not undergone the heating operation 
previously described, and in which the structure is therefore very 
fhe, the constriction occurs as a sharply defined, perfectly straight 
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groove. In Fig. 3, on the contrary, the depression is distinctly 
irregular. The area over which sliding oocurs when the bar is 
about to break, and which is manifested by the oontractile groove, 
is not a plane, but consists of a large number of very small planes, 
which are indicated by the alip-bands across the crystalline graine. 
The surfams of least resistance to sliding are quite defmite for 
a perfectly homogeneous and isotropic bar, but since the crye-e 
grains are heterogeneously disposed the directions of the planes of 
the slip-bands, which are planes of least resistance for eacth 
indi6dnal grain, do not in general coincide with the direction of 
B surface of least resiatance for the whole bar considered as 
homogeneous, but deviate from this surface to a greater or lecle 

extent. There are usually three or four series of dip-bands visible 
on the surface of a crystslline grain, each series having a different 
direction, so that it is possible for the movement of particles of eaoh 
grein to take place pcpproximately in a direction of least resistance 
for the bar as a whole. The deviations from absolute coincidence 
w i l l  be greater the larger the size of the crystalline grclin% and 
hence the cross wi l l  be more irregdar in pieces of coarse structure 
thrrn in those of whioh the structure is finer. 

It will have been noticed that although the phenomenon is 
spoken of as the contractile cross, the photographs show only one 
depression; this is because the specimens which exhibit only one 
groove happen to be more suitable for illustration than those in 
which the two intersecting branches occur; examples of the 
oompleb cross were given in the previous Paper. The number 
of contractile grooves which appear seems to depend on d o u s  
conditions, such as the truth or eccentricity of loading, the presenoe 
or absence of locel flaws and weaknesses in the metal, and eleo 
partly on the nature of the metal itself. 

It is considered to be established by this Paper that for 
alumininm (and probably for other decctile met&) :- 

(1) The phenomena of. constriction and fracture are due to 
exmive  local ‘c slip-band ” deformation. 

(2) The contractile cross passes through the crystalline grain6 
of the metal; it GI somewhat influenced by the degree of coarseness 
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of the crystalline structure, but is independent of the direotionrr of 
the boundaries of the crystalline grains. 

The Paper is illustrated by Plate 53 and 2 Figs. in the 
letterpress. 
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